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[57] ABSTRACT

An improved method for forming complementary wells
In a substrate 1s disclosed. A polysilicon layer is applied
to the substrate, and the polysilicon layer is doped. An
oxidation barrier layer i1s applied over the doped
polysilicon layer. A portion of the doped polysilicon
and oxidation layers are removed to expose a well re-
gion of one conductivity type in the substrate, and the
well 1s then implanted in the exposed region. The sur-

- face of the well, and the polysilicon layer proximate the

well beneath the oxidation barrier layer, are then steam
oxidized until the lateral desired oxide penetration into
the polysilicon layer beneath the oxidation barrier layer
has been reached. This forms an oxide masking layer
covering and extending beyond the formed well. The
remaining oxide barrier layer is then removed to expose
a well region of the other conductivity type. This sec-
ond well region is spaced from the well region already
formed by the extended oxide masking layer. The sec-

ond well 1s then implanted. With the complementary
wells implanted, the oxide masking layer is removed,
and the wells are driven to the desired depth.

19 Claims, 7 Drawing Figures
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METHOD OF MAKING IMPROVED TWIN WELLS
FOR CMOS DEVICES BY CONTROLLING
SPATIAL SEPARATION

BACKGROUND OF THE INVENTION

The present invention relates to an improved semi-
conductor construction of the twin well (often called
“twin tub”) type. o

The twin well type of semiconductor construction is
discussed 1in “Twin-Tub CMQOS - A Technology for
VLSI Circuits”, Parrillo et al., Paper 29.1, IEEE Con-
ference, 1980. In this type of semiconductor construc-
tion, the initial step is the formation of p and n type
wells in the underlying substrate, typically a high-resist-
ance semiconductor. One well 1s formed by conven-
tional masking, and the first well area 1s oxidized to
provide the mask for forming the complementary well,
resulting in the wells being self-aligned. Complemen-
tary n+ and pt areas are thereafter formed in the wells,
as discussed in the referenced paper.

While the twin well technique of semiconductor con-
struction has many advantages, it has been found that
there 1s significant compensation between the wells at
their borders as the chip operates. When the wells are
oxidized the p impurity at the substrate surface (typi-
cally boron) is depleted and the n impurity (phospho-
rous or arsenic) builds up. Because of this compensa-
tion, the border location between the wells at the sub-
strate migrates into the original n well region. To allow
for such border migration, there must be significant
spacing between the adjacent n+ and p+ areas formed
in the wells, lmiting the number of usable areas which

can be formed in a substrate of given dimensions.

SUMMARY OF THE INVENTION

The present invention provides an improved method
for forming complementary wells in a substrate by con-
trolling their separation. A polysilicon layer is applied
to the substrate, and the polysilicon layer is doped. An
oxidation barrier layer is applied over the doped
polysilicon layer. A portion of the doped polysilicon
and oxidation layers are removed to expose a well re-
gion of one conductivity type in the substrate, and the
well 1s then implanted in the exposed region. The sur-
face of the well, and the polysilicon layer proximate the
well beneath the oxidation barrier layer, are then steam
oxidized until the desired lateral oxide penetration into
the polysilicon layer beneath the oxidation barrier layer
has been reached. This forms an oxide masking layer
covering and extending beyond the formed well. The
remaining oxide barrier layer is then removed to expose
a well region of the other conductivity type. This sec-
ond well region is spaced from the well region already
formed by the extended oxide masking layer. The sec-
ond well is then implanted. With the complementary
wells implanted, the oxide masking layer i1s removed,
and the wells are driven to the desired depth.

As the wells are driven to their desired depth, they
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vielding a significantly greater packing density for the
system as a whole.

The novel features which are characteristic of the
invention, as to organization and method of operation,
together with further objects and advantages thereof
will be better understood from the following descrip-
tion considered in connection with the accompanying
drawings in which a preferred embodiment of the in-
vention is illustrated by way of example. It is to be
expressty understood, however, that the drawings are
for the purpose of illustration and description only and
are not intended as a definition of the limits of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a fragmentary section view of a substrate

with the polysilicon layer applied;

FIG. 2 1s a subsequent section view showing applica-
tion of a nitride layer and a mask;

FIG. 3 1s a subsequent section view showing implant-
ing of the p well;

FIG. 4 1s a subsequent section view showing growth
of the oxide mask:

F1G. 3 1s a subsequent section view showing implant-
ing of the n well;

FIG. 6 is a subsequent section view showing removal
of the oxide mask;

FIG. 7 1s a subsequent section view showing the wells

driven to completion.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

As 1llustrated in FIG. 1, the semiconductor construc-
tion of the present invention initiates with a silicon
substrate 10. This is typically a high-resistivity substrate
to obtain precise control over the semiconductor ele-
ments to be formed in the substrate. A thin layer 12 of
a barrier oxide, typically having a thickness on the
order of 600 Angstroms, is grown on top of substrate 10.
A layer of polysilicon 14 having a thickness of approxi-
mately 5,000 Angstroms 1s deposited over barrier oxide
layer 12. Polysilicon layer 14 is then doped with phos-
phorous oxychloride, or other conventional n-type dop-
ants known 1n the art.

Turning to FIG. 2, a second oxide layer 16, having a
thickness of about 500 Angstroms, is grown over doped
polysilicon layer 14. A nitride layer 18, having a thick-
ness of approximately 700 Angstroms, 1s then deposited
over barrier oxide layer 16 using low pressure chemical
vapor deposition. A mask 20 is then applied over nitride

layer 18, which has gaps where a p well is to be im-

35

remain spaced from one another beneath the surface of 60

the substrate, touching only at the surface as required
for proper operation. Because of the intervening sub-
strate between the well regions except at the surface,

compensation and resuiting migration of the borders of

the wells 1s minimized. As a result, the nt+ and p+ areas
in the wells after local oxidation has taken place can be

placed much closer together, up to 4 microns closer (for
wells approximately 4 microns deep) if all else is equal,

65

planted.
With mask 20 in place, the structure is etched using

known plasma, wet and plasma techniques, or all plasma
techniques, 1n sequence. The etching steps remove
those portions of nitride layer 18, oxide layer 16, and
polysilicon layer 14 not protected by mask 20. After the
etching step has been completed, mask 20 is removed,

leaving the configuration of FIG. 3.
As illustrated by arrows 22 in FIG. 3, boron is im-

planted through the barrier oxide 12 where exposed
using conventional techniques. Where barrier oxide
layer 12 1s covered by polysilicon layer 14 and nitride
layer 18, the configuration of substrate 10 is unaltered.
The implanted boron forms the initial p well 26.

The structure i1s next steam oxidized at approximate
800° C. Doped polysilicon oxidizes rapidly in steam so
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that junctions which have been formed in the substrate
are not driven in. The portions of the doped polysilicon
layer 14 proximate the removed portions of the oxide
layer 16 are oxidized. The substrate 10 under the ex-
posed barrier oxide layer 18 is also oxidized. Thus, the
steam oxidation forms an oxide masking layer 28, which
covers the initial p well 26, and extends laterally into
polysilicon layer 14 beneath nitride layer 18 (FIG. 4).
To permit this rapid oxidation of the doped polysilicon
layer 14, the layer 14 should be greater than 4000 Ang-
stroms thick. This permits an adequate amount of steam
to reach the layer 14 from its exposed sides after the
etching step shown in FIG. 3. The length of the steam
oxidation step is controlled to obtain the appropriate
“A” beneath nitride layer 18. As will be illustrated here-
inafter, the A determines the spacing between comple-
mentary wells. |

The remainder of nitride layer 18 and polysilicon
layer 14 are then stripped, using a conventional wet
process, to obtain the configuration illustrated in FIG.
5. Phosphorous or arsenic is then implanted, as illus-
trated by arrows 30, using conventional techniques, to
form an initial n well 32. As the n well is implanted,
oxide masking layer 28 prevents contamination of p
well 26, and a gap is thus provided between the well 26

and n well 32.

Oxide masking layer 28 and oxide barrier layer 12 are
then stripped to the bare silicon of substrate 10, as illus-
trated in FIG. 6. Wells 26, 32 are then heated, using
conventional techniques, to complete the implantation
of the wells by diffusing the well dopants for the drive-
in step, as illustrated in FIG. 7. In the final configura-
tion, wells 26, 32 barely touch each other or are slightly
removed from each other at the surface of substrate 10,
and beneath the surface a substantial separation exists to
minimize compensation, and resulting migration, be-
tween the wells.

The implanted dopants diffuse laterally at a rate of 0.7
times the vertical diffusion rate. For example, two wells
having impurities of the same diffusion rate diffuse
toward each other to meet at a halfway point. If the
wells are to have a depth of 4 microns, then A should be
5.6 microns. Therefor the separation A between wells is
related to the depth of the wells and the particular dop-
ant, which often diffuse at different rates through a
substrate. Process variations include partially diffusing
one well before the second is implanted. The well
depths may be different. In any case, A is selected ac-
cording to the particular process so that after the drive-
in step, the two wells barely contact each other or are
slightly removed at the substrate surface.

While a preferred embodiment of the present inven-
tion has been illustrated in detail, it is apparent that
modifications and adaptations of that embodiment may
occur to those skilled in the art. For example, while in
the preferred embodiment the p well is formed before
the n well, the wells could be formed in reverse order.
However, 1t 1s to be expressly understood that such
modifications and adaptations are within the spirit and
scope of the present invention, as set forth in the follow-
ing claims.

What 1s claimed is:

1. A method for forming complementary wells of first
and second conductivity types in a substrate comprising
the steps of:

applying a polysilicon layer to the substrate;

doping the polysilicon layer;
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4

applying an oxidation barrier layer over the doped
polysilicon layer;

removing a portion of the doped polysilicon and the
oxidation barrier layers to expose a well region of

the first conductivity type in the substrate;
implanting a well of the first conductivity type in the

exposed well region;

steam oxidizing the surface of the well of the first
conductivity type and the polysilicon layer proxi-
mate the well of the first conductivity type beneath
the oxidation barrier layer until the desired lateral
oxide penetration into the polysilicon layer beneath
the oxidation barrier layer has been reached to
form an oxide masking layer covering and extend-
ing beyond the borders of the well of the first con-
ductivity type;
removing the remaining oxide barrier layer to expose
a well region of the second conductivity type
spaced from the well region of the first conductiv-
ity type by the extended oxide masking layer;

implanting a well of the second conductivity type in
the exposed well region;

removing the oxide masking layer; and

driving the wells to the desired depth, the wells re-

maining spaced from one another beneath the sur-
face of the substrate to minimize compensation and
migration of the well borders.

2. The method of claim 1 wherein the first conductiv-
ity type 1s p-conductivity type, and the second conduc-
tivity type 1s n-conductivity type.

3. A method for forming complementary wells in a
substrate comprising the steps of:

applying a polysilicon layer to the substrate;

doping the polysilicon layer;

applying an oxidation barrier layer over the doped

polysilicon layer;

removing a portion of the doped polysilicon and the

oxidation barrier layer to expose a p well region in
the substrate; -
implanting a p well in the exposed p well region;
steam oxidizing the surface of the p well and the
polysilicon layer proximate the p well beneath the
oxidation barrier layer until the desired lateral
oxide penetration into the polysilicon layer beneath
the oxidation barrier layer has been reached to
form an oxide masking layer covering the p well
and extending beyond the borders of the p well;

removing the remaining oxide barrier layer to expose
an n well region spaced from the p well by the
extended oxide masking layer;

implanting an n well in the exposed n well region;

removing the oxide masking layer; and

driving the wells to the desired depth, the wells re-

maining spaced from one other beneath the surface
of the substrate to minimize compensation and
migration of the well borders.

4. The method of claim 1 or 3 and additionally com-
prising the steps of growing an oxide barrier layer hav-
ing a thickness of approximately 600 Angstroms on the
substrate before applying the polysilicon layer, and
growing a second oxide layer having a thickness of
about 500 Angstroms over the doped polysilicon layer.

5. The method of claim 1 or 3 wherein said doping
step comprises doping the polysilicon layer with phos-
phorous oxychloride.

6. The method of claim 1 or 3 wherein said oxidation
barrier layer applying step comprises applying a nitride
layer by low pressure chemical vapor deposition.
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7. The method of claim 1 or 3 wherein said doped
polysihicon and oxidation barrier layer removing step
comprises masking other than the p well region of the
substrate and etching the unmasked area.

8. The method of claim 2 or 3 wherein said p well
implanting step comprises implanting boron in the ex-
posed p well region.

9. The method of claim 1 or 3 wherein said steam
oxidizing step includes steam oxidizing at about 800° C.

10. The method of claim 2 or 3 wherein the n well
implanting step comprises implanting phosphorous in
the exposed n well region.

11. The method of claim 2 or 3 wherein the n well
implanting step comprises implanting arsenic in the
exposed n well region.

12. The method of claim 1 or 3 wherein said oxide
masking layer removing step comprises stripping the
oxide to the bare silicon of the substrate.

13. The method of claim 2 or 3 and additionally com-
prising the step of growing an oxide layer of approxi-
mately 400 Angstroms over the p well and n well subse-
quent to the oxide masking layer removing step and
prior to the well driving step.

14. The method of claim 1 or 3 wherein the driven
wells meet at the surface of the substrate.

15. The method of claim 14 wherein the driven wells
meet only at the surface of the substrate and are spaced
from one another beneath said surface.

16. A method for forming complementary wells in a
semiconductor substrate comprising:

forming a layer of oxidizeable material on said sub-

strate,
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forming a layer of oxidation masking material on said

oxidizeable layer,

removing portions of said oxidation masking layer

and said oxidizeable layer to define a first region in
said substrate,

introducing impurities of a first polarity into said first

region through said removed portions to form a
well region of said first polarity,

oxidizing said substrate and said oxidizeable layer so

that an oxide layer is formed over said first region
and portions of said oxidizeable layer proximate
sald removed portions are oxidized,

removing said oxidation masking layer and unoxi-

dized portions of said oxidizeable layer to define a
second region in said substrate,

introducing 1mpurities of a polarity complementary

to said first polarity into said second region
through said removed portions of said unoxidized
portions to form a well region of said complemen-
tary polarity.

17. The method as in claim 16 wherein said oxidizea-
ble material comprises polysilicon. -

18. The method as in claim 17 wherein in said oxidiz-
Ing steps, said portions of said oxidizeable layer proxi-
mate said removed portions are oxidized laterally by a
predetermined amount dependent upon the particular
semiconductor process selected.

19. The method as in claim 18 further comprising:

heating said substrate to drive in said impurities of

satd first and complementary well regions so that
saild first and complementary well regions contact

each other at the surface of said substrate.
* * * 3 *
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